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I%e the filamentoua bacteriophage with a N-type plaamid

Specificity,rattachea to ita host cell'at a rate constant of 23 X 10 ~H

. 3
. cm min 1. vDiffuaion appeara to be" the rate limiting factor only up to

a certain maximal cell density, at- whlch a saturatlon 901nt "'5='
-1s apparently reached and the rate of adaorption no longer increases
linearly?aa cell concentration increaaea
The presence of 0. lM NaCl in the medihm is required for maximal
. w levels of adaorption while the addition of CaCl does not affect-attachment
In media of ionic concentrations optimal for attachment of the phage to
iFa hoat cell, ‘binding of ‘the phage to non—biological anr@aces of net
negative charge (membrane filter diaca) can alao be demonatrated
Adaorption ia oPtimaI at temperaturea ranging fr m 30 to 40 c
and within the pH range of 5-8. In a medium containing anfexceas of '
cationa (pH 4.2 or lower) apecific adaorption ia greatlg\reduced and -
.replaced by a non-Specific type of binding. Low levels of attachment are
obtained at 0° C, in’ atarvation media or when the metaboliJ activity of

\
host cells ia otherwise reduced (i e. cella in the stationary growth phase.

or in the preaence of metabolice poiaona) ) oo .
- It aeema 1likely therefore that the first step in the infection -
by phage IKe, although it is apparently mediated bj’the formation of

electrostatic bonda, is conaiderably dependent on and determined by the :

Aphyaiological atate of the host cell

-
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Additional findings Buggest that the phage attacheB irreversibly

to a receptor on the N-plasmid bearing cell which (unlike the sex pilus .

-

"~ associated’ receptor) cannot be removed by mechanical agitation. The »

L3

irreversible attachment of IKe ;g followed by a step/of penetration. The

- rate of penetration is rapid in the first. 10 minutes of infection -and
- L] . . . -l‘ )

decreases thereafter. o ‘ . . ' b
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History end structural propertiss of filamentous bacteriophages

- -(

\__ -
_ Filamentous bacteriOphages were first\isolated by Loeb in 1960 :

.{46) . Their structure as well as their mode of infection have since been

Y

extensigely studied and have comprised the - subject of several Teviews (4

10, 12 48, 69). ' "1r ’

-

5'

<

Hore than 30‘fi1amentous phages had been described by . 1969 (48)

”snd since then more have been isolsted (38) ’ However mostrof the

o

informstion now available pertaining to this group of bscteriophages Has

been obtained in the course of study of M13 fdh fl Ifl and If2 (32, 46,

T

47, 52 70 83, 85) All filamentous phages presently knowd>share several .

structural properties: Their,DNA is single stranded snd present in the
. 7 i

perticle in a circular form (48) Two~components of their coat\protein

have been described these being the A and the B proteinsl The former is'
i"a ‘minor" protein 1ocated at one end of the particle. It hae beep implicated
‘;in phege edsorption and 13 also believed to penetrate the becterial cell
and pley a role in phage replication.- The B protein comprised‘the bulk

protein and its properties ha been studied in'severel 1sboratories (35,

35, 44, 48, 49, 73). k T SRS o
. . , ) S
. The structuré of the filamentOus phage is not ye{ fully under4.
: of |,
stood. Two models heve been considered on the basis diffrection patterns
\ ° . ! .

and - electron m1cr05cony o@ the jjruses. One nodel proposes a' cylinder

ated in an sxiel hole dowu the middle of.
o' . 'B:"

o

shaped particle with the DNA'lo

X o

. . . . v L.
S ) o - L4

’
7

S~
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. the cylinder;

e centrs‘.l single strsnded DNA (‘25 29 48) Both models are still under

¥ . ',A- “"

" !

4 . . : ¥ .
. . a . . |

ﬂnvestigstion (49) L SR . Sl \

B . - : . .
» - ! o ( . . R “ B r . s
. ‘.

. ] RN
e o A1l known fila'mentous ' coliphages - ,have been shown to .

L
L

. ", . o

!

. speciff.cally adsorb to bacteris’l celj{;: carrying a conjugstive pl’ssmid.

o This inciudes Hfr cells in which the F (fertility) plasmid exists in & V7

L P .

. chromsomslly integrst:ed form snd not as .an hutonomous plasmid-- (48)

' . 1 - Lo

: Thes.pecificity of filamsntous b.acﬁzeriolphages ' v

Since filamentous bsctergﬁphsges owe their specificity to the
4

plasmids harbour:ed by their host cells, their clas ficstion c0uld be
-—

expected to’ parallel the texonomical@rouping of pl,asmids On this

_ }onsiderstion the fil mentous phages studied so far (with the exc'eption ‘

2 B

‘of, phage- IKe, see p. 9 ) have been group(d as. follows' (48, 53)

\ .
l. The F-specific (or.@ bacteriolahages. This gx;gup ,eo/ sists of t:he

filamentods bscteriophages yhich attach specifi-ca',].ly to cells beering a..
»Z.

: F—like plasmid. These include F plasmids snd those R (resistsnce) and col

. \(colicin) plssmids which repress F—associated functions. when introduced

into F-or F"-plasmid bearing cells (F or F' - cells) These plesmids were
. "\.

:originslly design%d fi (fprtility inhibilion posltive) (81) “a designation

- which hss ’been recently replsce«i—jy Fi (F) (56) ' '_The best studied

. ‘bacter.iophsges in the Ff group are M13 fd and fl.

-
@ .

-

T ji 2. The I-specific (or If) bacter’i Jhsgt_a_s_' " ﬁacteriophsges in this group
l . . “-’.\

B attsch specifically‘ to cells csrryi,ng an I—like plasmid. Among the 1att_er :

g - -



i : " . ' ? T " o oL o .
- are thOSe colicin and R Rlasmids which do not repress F—associated
)l

' fertility in a F* cell snd have been design ted,fi or Fi~ (F).

\\ Ifl and If2 sre the,only anWn bacterioPhages in the If gr;?p
{ It is possible that these two phageq,though isolated on separate gccasione,

_are. identicaﬂ since their sera;were fOund to CTroBs8 neutralize (41)
k]

They were therefore referred- to collectively.as phage If (38)

Attachment of . the filsmentous bscteriophages
‘. ¢

-t

Bacterial cells carrying either E-or I—1ike.plasmids have been

, shown to synthesizéga specific pilus distinct from other surface appendages

generally associate with the enterobacteria._ This organelle has . been

implidgted in pecific conjugal transfer of the plasmid and was ‘there-

“fore designated the sex pilus (13, 51) Sex pili synthesized by cells

: éhrrying I~1ike plasmids ‘have been shown to ‘be both morphologically and

! o R

antigenically different from the pili synthesized by cells carrying F—like
plasmids (41). It should be noted however that althongh structurally and

’
antigenically similar, several. serotypes “have been distinguished within -
;; the two classes of sex piii (42) ‘ L%.” . : . j
The receptor site for the filsmeﬂtdhs becteriophage is generally

= believed to be located on the tip of the sex pilus. 'The adsorption of the
-phages to the tip ‘of pili either protruding frOm the ce11 surface, or

. -detached and free in the media was dennnstrated by electron microscopy
'?

,'525. Several lines of evidence (derived mostly from‘work with F or

'

' F—like plasmid bearing cells) support the inference that the se pilus

"lx

.
.
: ‘ . : _ L T .
] - - . . s - .
— : o ' ‘ : : '

.
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:uwhich is involved in the conjugag transfex of plasmid DNA 1is also required
for the adsorption of the plasmid'specific filamentous . phages. This .

evidence is as follows.
& .
(1) A change.in the number of microscopieally visible pili on a host

cell culture causes a corresmnding and eo—ordinete change in t:he ability -

!

. of Spcll cells to conjug&te as well as to adsorb the donor-vspecifie
bacteriophages. The changes in .the number of pill on. the,cell sdrface

can be caused by one of the following factors:

b

(a) the growth phase of the host strain (10).

~

\
(B repressed or derepressed state of the transmissible plasmid

- (assoclated with wild.type or mutant’ state of the plssmid

»”

' regulatory genes which determine the synthesis of a cytoplasmic

& ~

repressor) (50). \f/// 1
f | (c) growth of donor stfain in the presence of 5- bmomouracil (76).

‘_(d) mechanical agitaticn of host cells which results in removal

of the sex pilus (61). _ ' S - /

I

(2) 'The attachment to domor cells of the specific filamentous
bacteriophageﬁbiocks ortreduces.their abilit} to transfer the plasmid to

recipient cells (33, 60, 71). ’ " . . f

(3) Both adsorption of the donor-specific phage and the transfer of ,'

" the plasmid can be blocked by the pilus-specific antiserum (11). . ‘/{
. b (4) Both the frequency of conjugsl transfer and the adsorption of/
. specific fllamentous bacteriophages to plasmid bearing bacteris, are/co—
ordinately reducedgin the ﬁ&esence of Zn'*(63, 64) ' ‘ " //
¢

- ' . r
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Similar linee of evidence have alao indicated that in addition

to its role in conjugation and filamentous phage adsorption, the F pllus-
also provides receptor 8ltes for the isometric RNA bacteriophagee Those
_phagea have been ahown to specifically attach along the sides of the

Ppilus, (18 33, 39, 60, 61, 76) L : o
The number of pili on the cell aurface has been shown to

ringe  in most cases from 1-3. Some cells however have been shown to T
L T /—‘—_h_——’—‘/ R . .
‘carry ‘as many as 30 pili (lD 15) Generally, one filamentoua bacteriophage

'has been observed to’ ettechatofa‘single pilue, ‘but electron micrographs

M

, have also revealed 2 and in rere casee 3 bacteriophages attached to some _
s e _ _ -
_pili (15). R I s

Since breakeges of the pi{\\\at\ang pofhit along its entire

g length have“been ehown to create new eites for phage attachment at the :

hroken sitee, it is eesumed that ettachment sites for the filamentous-
'phages are actuglly located along the length of the pilus, but ‘made
available only:when breakages ‘occur and (broken) tipgs are expoaed (15)
The role of ‘the pilua in the infection by filamentous (as well
. as ieometric RNA) bacteriophagea is still a matter of controverey. According
k-;'to one propoeed modelx(the conduction model), the pilue serves as a:
_ conductor for phage DNA which enters the hoet cell following phage attachment
¢ (lO ll) Several recent reports however, ﬂeen to Support a retraction |

) ~“*model" first proposed by Marvin and Hohn (48) According to thia model
e

the pilus retracts once phage attaches to its tip hence bringing the phage to =

v . - . . . . R X
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the cell surface ﬁhereﬂpenetration occurs (6, 7, 9, 34, 59)Q

Bacteriophage'IKeeIsolation and'properties

The filamentous bacteriophage IKe "was isolated from sewage

il

. using a host strain of Salmonella typhimurium bearing the R plasmid

RM98. (38) RM98 does not repress F-associated functions and is by this

criterion a Fi (F) plasmid. However cells’ bearing RMI8 were unable to
' propagate the If phages Ifl and If2 (38). It was concluded that this

plasmid probaﬁly represented a separate group in the Fi~ (F) class of R

E

plasmids. This conclusion was supported by the isolation and characterization

of IKe which was propagated by RMI8 bearin cells, and ‘by the fact that
.several other strains bearing Fi (F) plasmi‘ were insensitive to phages
Ifl and If2 but propagated IRe (ibid)f This g dp of plasmids was designated
N (23). IKe, the N-plasmid speéﬁfit phage, could not be propagated by
strains carrying either ColI or other I—type R plasmids (38)
| | The physical and chemical properties of the phage have been
. described (38). It was shown that the phage’ resembles other filamentous
bacteriophages in its morphology, contains single-stranded DNA, no RNA,
- and has a 1ength distribution similar to that of the If phages (0.9- l.;ﬂ
(52) ). In addition the phage is relatively heat resistant (a property
'_characteristic of filamentous baeteriophages) and like Mi3 it is sensitive
‘to the proteinase Nagarase (48, 79) S | - . -
It was shown however that antiserum preparedhqgainst IKe particles

_ does not inactivate either H13 or If phages IKe/is therefore antigenically

different from M13 and If (38) o -
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Adsorptlon of IKe -~ background and purpose of the present study

. Slnce both Ff and If phages were ‘found to adsorb to the t1ps
of. spec1f1c pili, it was of 1nterest to examlne the manner in whlch IKe
'attaches to its host For thls purpose RMO8 the IKe- spec1f1c N plqsm:d
" was introduced 1nto the F~ E. col1 K12 straln JE2571 The strain 15

unable to syntheslze either - flagella or common p111 On this cell a

p11us was therefore expected to be eaS11y detectedthgbuld RM98 code,, ?

-,

for the synthe51s of such a structure

No p11us 11ke structure could be observed by electron
]
' mlcroscopy follow1ng the 1ntroductlon of RM98 plasmid into the.cell.

‘When either F42 or the derepressed Col I factors Were introduced into
the plasmidless host strain, attached_asjwell'as detached pili were
readily observed (R: Iyer in 14). |
- These f1nd1ngs suggested the p0551b111t1es that (D RM98 r/
transfer is. p11us~med1ated and (2) the attachment of IKe, unlike the
attachment of all other known p1asm1d-spec1f1c fllamentous bacterlo-
phages, does not_require.a pilus—type'receptor. , |
| The conjugal transfer.of F~ and I—like plasmidS'to recipdent
-cells and the attachment of the F- and I¥specific bacteriophages have
been shown to require the same host cell'structure - the sex pilus.
Thus, a study of the earky steps in the 1nfect10n by IKe appeared
essent1a1 part1cu1ary with respect to the manner of its attachment
and poss1b1e d1fferences between the attachment of IKe and that o£

- o __f."
other f11amentous bacter10phages.- A

10,
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ie could possibly lead to information pertaining to<tﬁ\\nechanism of . :
conjugal transfer of RM98 and poasibly other naturally occurring plasmida.
Several methods have been -shown to be effective in the study of
adsorption of filamentoue bacteriophages as well as other groups of
bacterial viruses.‘ They generally’ depend on and result in the separation |
of phage infected (and uninfected) cells from unadsorbed (free) phage
fodlowing the incubation of phage—host cell (adsorption) mixtures. Each

of the separated fractions can then be aasayed to determine the extent of

phage attachment. The separation car be achieved by one of several methods.

(1) low speed'centrifugation (2) %illing of cells in the mixture (chloroform
_is widely used) thusg allowing the eurviwal of unattached phage only, (3)

‘treatment of the mixtures with phage antiserum or specific proteinasee“

" which inactivate free as well as attached_and'unpenet:ated phages (2, 74),

' ;(4)-filtration of mixtures through filtere4which.are oermeable to nhage )
but not to bacteria (12)
Infected cells can be additionally aeeayed if required 1n order
‘to ascertain the- fYaCtan of  the attached phage wh1ch penetrated the
host qells In the case of filamentous phages which adsorb to tips of
1pili blending or sonication of the infected cell have been effective in removing

se§~ pili and as well as = . attached(but unpenetrated)phagea (34)
In the application of these methods to the study of the attachment
of IKe several difficulties were encountered

_(l) IKe was shown to be sensitive ‘to chloroform_f36).
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(2) Pr?11m1nary rxperlments had 1ndicated that'IKe particles suspended
/dn'a)yarlety of holdlng media, tended. to adsorb to membrane f11ter
dlscs (pore size 0. 45u) expected to permlt their passage (R. Iyer
unpubllshed) _ A : S =
(3)A IKe antlserum was found to cause a decrease in the V1ab111ty of
| IKe-lnfected cells and an accurate measurement of 1nfect1ve centers
fOIJOW1ng appllcatlon of IKe antlserum to adsorptlon mixtures was
therefore not possible (R. lyer, unpublished; S. Dennlson unpu--
“blished) | Lo |
(Jj Blendiﬂg gould not be used as means of measurdng edther attachment
Oor penetration 51nce a pilus- 11ke structure to whlch IKe adsorbed °

- had not been demonstreted

(o)

The objective of this study (viz. a systehetdc examination of the
f1rst step in IKe infection) depended on the establishing of a method which
would permit the quant1tat10n of 1Xe attachment

" Two assay methods were found to be appliéabie ‘ They were subse-
quently used to determ1ne the condltlons unde; which opt1ma1 attachment

of the phage to its host cell occurs, and to examine some of the propert1es

_assoc1ated with the bond(s) 1nvolved in the attachment

1] ! Tw




' | CHAPTER 2
" MATERIALS AND
.kggiﬂ | . o
se. specified bacteria were grown, phages held
and adsorption'ﬁgaayed in L- broth and on L agar (43)

Bacterilal strains

1. Y. coli K12 strain JE2571 F~ pil”~ fla~ lew~ th~ lac~-

(Y. Nishimura) bearing the IKe specifié R plasmid RMS8 (37, 38) was the

prOpagatingjand host strain in all adborptign‘éxberimehés, _‘The strain
waa daaigaatgd JE2571/98—70.' The RM98 - associated ﬁarkerisere Apr,
'A'Tcr,'. aﬁ‘h , IKe®, :
2. JE2571', the cdrr,esponding_R:atrfain .'élerved-as a aontrol.- in some | \1

experimenta. -/

. . \ .
3. JE2571/PF42 was the strain used in adsorption experiments with M13.

+

F42 a ¥ lac factor was obtained from v. N. Lyer.

4. :g. coli,HfrH (strain K37) was the indicator and probagatiné strain

for M13.

. : -
.t

Cultivation of strains @ °

al1 atrains 8_were groﬁn overnight in L broth, diluted‘SO-fold

LY

.'in the same medium and grown_to logarithmic phase by incubation at 37%

ib a waterbath shake:'(Warner Chilcott LLboratoriea 100‘F\Fokes/min o)

.. At an optical’ denaity of 0. 4 unite at 650nm (Bausch and ‘Lomb Spectronic
© 20) cultures were chllled in crushed ice. VThey were prewarmed to the

desired temperature before use.

L - ’
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\\For overnight cultivation of JE2531/98 70 L broth containing
%/)’/ml Ampfeillin was: initially uaed This often reaulted infthe production L
of two typea f coloniea when log cultures ‘were plated' the characteristic |
small, smooth colony and a large mu oid variant (see figure 1) * The latter

_waa found to be a poor indicator for IKe. This. colonial variation was - -

effectively eliminated'bi usi

overnight cultures of this strain plated -

on'L agari-SOJﬂg/ml ampici in, as inoculan/fd;/preparing 103 cultures.

Such overnight cultures were stored at 4°c- and used for 7 days only.

. Phage . ‘ ’ i \ ST
.o . ’ 4
The preparation and purification of IKe atocka as well aafassay ' ‘
‘1

procedures for the phage, and 1its propertiea have been previously described
(38). o

", Phage particlea (f‘ 1. 2863/ml) obtained from the CsCl gradient
were additionally purified on a 5—201 aucroae gredient (R. Iyer, un-.
published) Phage paré&clea Bedimented in two peaks. 997 of the p.f.u. K S
were collected in the faét sedimenting fraction deaignated peak A. Unless |
otherwiae indicated peak A'particles were uaed throughout. Peak B
'conatituted the minority, al w aedimenting particlea. .
Preparation of 3}I—-labelled IKe and ‘M13 |

N
“

Y IKe and M13 were labelled with 40/ﬂCi/ml H-thymidine (New

England Nuclear) using the procedure described eerlier (38) with the -
following modificationa.

1. The reapective host.cnltures werq incubated at 37?0 for 30 minutes.

RTI



w_;with 4. BJﬂg/ml of’ 3H—thymidine prior to addition of the phage. This was
followed" by incubation et 37° C for 25 hours at which time 3H—thy'midine A
(4 Blﬂg/ml) was ‘added and ineubation continued for threelhours After.
‘removal of cells by centrifugation NaCl and aqueous Polyethyleneglycol~“ﬁ
(MWGOOO) were" added to the supernatant to final concentrations of 0.5M
and 4% respectively This' was mixed_ and held at 4 C overnight. Phage
was pelleted by centrifugation for 1%, hours at 8000 r, p m. 4 C, in‘a

- Sorvall SS—leaupeereed angle centrifuge, suspended in 0.05M Tris snd.
purified by a CsCl step gradient centrifugation for 18 hours at 26 500

r. p.m., 5 C in a Beckman model L3-50 ultrawcentrifuge with a SW 50.1
rotor. s . o
. , t

Fractions were. collected by bottom puncture and aliquots
diluted in 0.05M Tris pH 7 .4 and asseyed for radioactivity by counting in
aquasol (NEN) in a Beckman LS~250 Liquid Seintillation system, “ The

infecfivitj‘assooiated wilth thelfractions.was assayed by.the-plaque
assay(2). The pEaks‘of redioactivity-elways-ooihcided with those of -

. @ o
infectivity and the corresponding fractions were dialyzed for Zéjhours at

4% ageinst 0.05M Tris pH 7.4 and used for the exn,riments.

Fl

Assays for measuring adBOrption _-'”' o

1. Supematant assay R .

T

JE2571/98-70 or JE2571/F42 were grown to a density of epproxi—

8
mately 3 x 10" v.c. /ml {viable ceils/ml) chllled and warmed to 32 °c Just

before addition of phage. The number of v.c./ml was generally assayed at -

this point | o



Phage-cell mixtures were incubated at 37 C for the desired

duration then a 1: 50 dilution of the mixture was made uimh chilled sssay

n -—

media to prevent further adsorption. Samples of diluted‘mixtures were

.asssyed for total p.f.u./ml and then centrifuged (20 miuutes 4° c, 8,200

+

) r p.m.) and supernatsnts assayed for the unadsorbed frsction of input
pusge;' o -

The .essay for total p £. u. /ml was PEﬂﬁormed to check the extent <

of phage inactivation or propagation during the incubation period.

2. Pellet assay ' -

' & B
Cell—phage mixtures were prepered as -described above. Aliquots

. of mixtures were either layered directly or diluted in chilled homologous'

media and then 1ayere(::a\§e10 ml of chilled nedia ‘containing 107, sucrose (w/v).

. * .~ ’ - N
Separation of unadsorbed phage particled from those attached to.cells was
. . Hvo X

obtained by ceﬁtrifugation'of the layered miitdre for 25' at 2,800 r.p. m.;_-L
4 C, in an 'IEC’ International model HN centriﬁuge with a swinging bucket

Totor. Pellets (comprising phage-cell complexes and uninfected cells) fere o

L.

I :
gently resuspended in eppropriate chilled media and assayed for ﬁnfectzwe genters/ml

k)

Centrifugation under these’ conditions yielded pellets which permitted a

.recoveryrof approximstely 90% of'the 1syered cells.

) Both supernatent and pellet assays were often sppl ed to the
. * . . ‘ - ’ . . " Pl r )
same adsorption mixture and in somecases: only one of thé methods was used.

Note:

Plaques ohtained:fron the_plating of supernatants’.(unadsorbed
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Figufe I: Two types of colonies from a log culture. of E. 'col”i. -

JE2571/98-70.
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\\w,pnage) were usually small ard ratHer turbid Plating"of phage-cell
L
- m&lexes (pellets assays folIowing sucrose centrifugation) however
T oa

’ _yieléed larger "and cléarer plaques (see Figure 2) This-phenomenon is

typicallof infeetion by filamentous single—stranded DNA phages and has

+

_been previously reported (4B)~ ) CLe e o

."ﬂ"

Penetration assay . e
- t, n . L T i ':In f ' " ‘ :\J'

Purified phdge—cell complexes obtained by theapellet asaay

described abova Were suspended in a phosphate buffer g& Og (NH4)2 HPOA and '

'2 3g NH&HZPO4 in 1 liter distilled H 0’ (79) ) contaiﬁing lOmg/ml Nagarasa

(Nagase & Co., OSaka, Japan) ‘ ﬁncubation wagrat 37AC for 15' Nagarase
was removed by rejecting supernaﬁants following centrifugation and pellets
were resuspended and assa?ed for i.c. /ml (1nfect1ve centersémi)

" This was inferred to yield a measure of the penetrated phage e

. P N
N stnce Na;ar“e is known to i“activﬂte unpen;trated Phase (79) and e s ’
}‘aensitive to this enzyme- (38) : - " '
’ :Other prOcedurea. ; R : ‘ ’ L - R L .:: ’
1. ‘Blénding: | R / R wm L
) D . ‘40;7:11 aliquots of the bacterial culture were blended in a- (g |
250mi. . polypropylene bottle held “in crushed ice . Blending was for two i (Zr.

minutes at 10; 000 r. p m. using a Sorvall 0unimixer Homogenizer.

- ¥ -

z. Filtration s ] PR . . - a )
" . I L x \ R ’. R .

- Cell cultures orﬁe preparations werle filtereds on aterilized
D N ./ -
25 or 47mm Millipore f ters discs, type HA 0 4$ﬁrpore size. o o




N

&

N .

1{' l .

S cuaprEr 3 / N | K
e \ B RESULTS AND Dzscussron
) - 9A STABILITY OF THE PHAGE
/ " ' The stability of IKe in the holding medie listed" below way

tested. Phage was held in the verious media at 4 C“for a period of nine /

: c
monthéa. 'I'he number of p f u, /ml was assayed Beveral ‘g:imes during this
.o b . !

period. - ' " S :';"(?' :

, Lo
‘A decreaae in the number of infective particles .was observed
©in ell media except in 0 O5M Tris pH 7..4 0. W 'I'ris - 0.1¥ NaCl pH 7 and

L broth (see Figure 3)

When phage was held at 37° c for 1 hOur, howeverc, losees in the

infectivity of the phage were observed both id O. OSH Tris and 0 IM Tris ~
L& e
0.1M NaCl. No similar losses could be detected uuder these conditions in

L broth whieh vas therefore routinely used as the holding medium for the °

. phage. . |
Hold:l.ng media , - R A, ‘
1. 01HNaClpH62 ' o . B

/ \
2. 0.1M NaCl with various \:«mcentratione of CaCl (0 OO/t:o 0.1M)

s »

J3..0.05 ammonium phosphate buffer PH 6.8. (79) / L -
>~ 0.08M NaCl+0 05M ammonium phosphate buf/ pH 6.8 (79) ; B

5. 0. OSMTria (hydroxymethyl) aminomethane pH 7.4 °‘

2

6. 0, 1H'I'ris = 0, lH NacCi pH 7 (34)

o

1.0M (1; NE,C1, 3g KE,PO,, 6g Na B_Po “in 1 liter distilled B,0) (2).

8 L broth (43). =~ . ".

[ Ve T
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pellet atsay was used instead. At m.o. i. ranging from 0.3 to 30 when

adsorption mixture was incnbated at 37°C for 15', 5-0.5% of input.phage

| 19.
B. THEADSORPTION OF IKe

1. Effect of phage concentration

s

' Using a dell density of epproximately Ix 108 v.c./ml,
measurable 1osses from supernatants due no adsnrption were obtained only
1f phage concentrationa ‘of approximately 7 X 105 p-f.u. fml’ or lower Were‘
used. -Adsorption—as measureq by the supernatant aesay, was'therefore

examined at a m.0.i. of 0.002 or less.»”In certain exnerimente however,

vwhere adaorption had to be studied at higher m.o.i, (see table 10) the

respectively could be recovered as infective centers by this method.

2. Effect of cell codcentration

The dependence of the rate of adsorption on the concentraﬁion

C
-~

of viable cells present in the adsorption mixture was examined. Bbtn

unadsorbed and ettached phage were assayed in mixtures containing an

: increasing number of viable host cells. - o ‘ \

,‘ concentrations (up to approximately & x 10® v.c./ml under the conditions -

The results shown in .Figure 4 indicate that at low cell :

of the_exnetiment):the-fraetion of phage that adsorbs to host cells - P

\

. inCreaseB'linenrly with the increaae in number of host cells. At higher

H]

cell concentrntions however, the number of attached phage levels off
and even decreaaes slightly.

_ These results are similar to results reported with T4 (75, 84)
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Figuré-ﬁ.: :Effect of host éell concentration on adﬂorﬁtioﬁ.

Legend:

tlresuspended in chilled_L_bro‘t_h to give cell: concentrations

JE2571/98-70 cells were harvested by centrifugation an& pellets

R

ranging from 1 x 107 to 1 x 10° v.c./il. Cells were warmed.to

32% and infected with 5 x 10? p.f.u./ml of IKe. Incubation was

fog 10' at 37°%. Sl‘IPEI“na.tﬂIlt and pellet assays ﬁere done on

separate occasions.
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20.
and.jﬂl74 (26) but differ frqm the results obtained with M13 (79) They
suggeat that at high cell concentrationa ‘diffusion ia no longer the Oniyfrf N
factor limiting the rate .of adsorption.

3. k- The attachment‘rate‘constant

L

a. Peak A: The rate of phage adaorption has been shown to follow firav
order kinetica in resPect to- phage concentration (26; 74, 78) Since ad-
aorption of -IKe has been shown to increaae linearly as cell. concentration

increases (see figure. 4) within a certain range of cell concentrationa

v

the rate constant for the. reaction in that range can be determined by . ' *
the equation first postulated by Schleainger in 1934 (72) to describe the

kinetics of the reaction betWeen phagea and their host cella.

_dp
& Tk

where: -
P = concentration of unattached phage at time t.

C= concentration of hoat cell

k = rate constant. : 'r _ LT —e —

The integratiou of this, differential would be log ‘1 _ P11 KCt
7 2 3
b

and k can be calculeted from the slope of. tHe curve describing the

above relationship y. ‘2.3 log Pf
| c(ty to) p’f .

T m—

The rate constant for the attachment of IKe peak A was calculeted :

-

.
P

uaing the alope of the curve presented in Figure 5

S T
The cell concentration was 2.3 x 108 v.c.[ml; pﬁAge concentration



Figure 5.  The adsori:tion_. of IKe “(peak‘ A) in L broth.
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;o . - ‘ 2 .21,
was 6 x 104 p.f.u./ml and unadsorbed phage was measured by the super-

nataut method. k calculated from the~slope wae 23 x 10~ 1 Cmsmi 1 @

Similar values were obtained qaing cell concentrations of up tovh % 108

vc/lnl | | . : PP

This value id considerably 1OWer than that obtained in thé case
A ;T bl

of some of the T phages (values between 200 and 450 % 10 =11 cm3 min 1

' were {btained for T1, TZ T3 and T4) (66) but higher than that - reported

for M13 undex similar conditions (3 x 10 -1 cm3 minji) (79)

b. eak-g. The rate constant for the adaorption\bf peak B barticlea

o

(see Materials and Methods page %) was calculated in he Same manner

-

Cell and ghage concentrations were 4.1 x 10° v.c J/ml and

-

(see Figure 6)

7.5 % 104 p-f.u. /ml respectively. k for peak B particlea was 7. 6 x 10 -1

3 . l

. cm min ‘ Thia is. 662 lower than that obtained for peak A particles.

4. Effect of the " ionic concentration Sf the ‘medium
. ~ ] :
a. NaCl: Attachment of TKe in aqueoua solutions containing increasing

concentratione of ‘NaCl was assayed both by the supernatant and pellet i

methods on separate occasions. . . e .

| : Results are shown in Figure 7. Using either assay metHbd

'adsorption was showu to be maximal at a concentration of 0 IM NaCl. éh%ge

‘I

2 a well as M13 have also been shown té require this concentration of

\

NaCl for“nmximum adaorption (23 79) & ;

The reEEEEE:EEE)caqe however that whereas 30% of the input

oz _ ‘ % _ <

N G



'the sslt concentrstions used. LIt was observed however, that ‘phage

/

PR SRR ]

-t
[

phage coul@'not be Q@covered in the supernatant following _adsorption at

the optimal NaCl concentration, only 1. 91

>

of the input phage could be .

recovered as infective centers (pellet assay) . : S

Thiswdiscrepancy was

noted at all NeCl concentrations used.

-

" An assay ofnthe number OS p f.u. /ml in” adsorption mixtures, .

before and sfter incubstion at indicated no phage insctivstion at

£ "

\

pargicles suspended in 0 1M NaCl loqse about 50%. of their plaque forming

abifity when incubated per ‘se (without cells) at 37 C for 30 minutes

L ¢

b. “‘The sddition of CsCl

s

‘Supplemented with various concentrstions of CaCl2 since divalent cationsr

the present time.,"a 128

-
-

have been shown to.be’ necesssry for the sttachment of other phages (245 26)
Results are shown in Figure 8. The addition of CaCl2 at all the concen-

trat1on tested J'l did not result in increased adsorption. These findings

suggest ‘that the presence of divalent cations in the medda is qnot required

! ‘L

for the adsorption of phsge IKe.' o

It should be noted also thst the fraction of free phsge in
supernetants increased as incubatios at 37% proceeded in 3 out of 4
medis testedm The Bignigicance of these increases remains unclesr at
Ty

In a separate experiment it mas demonstrsted that the stability
of IKe particles held in' 01 1M NaCl is incressed by the addition of 0.002M .
CaCl2 to the medium. Consequently in subsequent=experiments cslling for

b
]

| .o R * e

T Adsorption was measured/next in 0.1M NaCl .~

N

— ey T

at
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5 Figure 8. Adéorptiop of ;Ka-&u\ﬂ.lﬂ NaCI+—CqC12;

i”‘ .

/ . ' o .

Legend: Host cells were suspended inlindicated media as described in the
r / . ' . ~ . . ' .

rlegend to figure 7. IKe held.in chilled 0.1M NaCl was added -

' to all suspensions to a final- concentration of 7 x 104 p.f.u./ml

Incubation was at 37°C and supernatants were assayed after 15~

9 :
30 and 60 minutes of incubation - . B
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‘ 23,
the use of a defined medium, the basal medium (0.1M NaCl) was supplemented

with 0. OOZH CaCl with additional aupplements added as required (see
. table 6). A similar atabilization of T5 particles held in O. 1M NaCl by
the adﬁition of 10 SM divalent cations has been reported (1 40) .

mﬂsorption in NaGl-free-L broth: 1In a further attempt to examine

the extent to which adsorption. is dependent on the presenee of NaCl,
adsorption in L broth .(containing 0.1M NaCl) and in a NaCl- free control
were compared The results are shown in Flgure 9. They demonstrate that

in the absence of NaCl adeorption is significantly reduced.even in a

nutrient medium.

It can therefore be concluded that adsorption of IKe to its
host requires a univalent salt=NaCl and is optimal at.a concentration

of 0.1M.

.d. Attachment of "'IKe to filters: Garen and Puek reported in 1951 that

phages Tl end T4 can adsorb to glass filters. This adsorption was. similar
' to the adsorption to hosf.cells in its depgmdence<on the ionic.eonstitution
of phage holding medie‘(ﬁﬁ, 67). |

| In prelimimary experiments with IKe (R.'Iyer,‘unpubliehed) it
was obeerved that phage.perticlee when flltered threugh membrane fiiter
dises (Millipore) eemld’un&er certain'eond;tioms netther be reeovered in
the filtrate nor be eluted bj suspension’ of filters-in various media or.
Buffered salt soiutions. 'Thie observation mas'investigated further in
light of the fact that'(l)‘phagetettachmEnt to host celle“occurred only

. o >‘x\ | ‘
. CAL

e

~



Figure 9.

legénd:

Effect of NaCl on IKe adsorption in L broth.

2 aliquots of a log culture of the host cells were filtered
washed and resuSpended in chilled L broth either containingor
Cell density was 3 x 108 v.c. /ml.

lacking 0.1M NaCl. Phage was

added as described in the legend to figure 8-and incubatimlwa

’at 37°¢C for 15’ i

™

<
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in.the presence of a specific salt concentration and (2) attachment of

l'

.some of the T phagee to filtera had been reported (above)

. The reaulta presented in Table 1 indicate that IKe particlea
'Vheld in L'broth and layered on membrane filtera can eaaily be eluted from
the’ filters when the 1atter are waahed with distilled (deionized) H 0.
Only a negligible portion of the phage can he eluted howaver, when filters
are washed with 0.08M Nacl. | |

Thue, attachment of IEe to both hoet cella (eee figure 7 and

figure 9) and the membrane filtera (mixed eatera of cellulose) requiree a
specific and aimilar concentration of NaCl in attachment media. As in the
. case of T phages (78), this may suggest ‘that the primary reaction between
IKe and its host 18 lonic in nature. Hence, it is mediated by attracting
electrostatic chargea present on both Burfaces rather than the activity of

.

a Specific biological entity present on the surface of host cells (e.g.

enzyme).

It‘ia:aaaumed that the role' of the ionic-environment ia to
neutralize sufficient repulging electzoatatic charges on the aurfecee of .
host cell and phage thua enabling attachment (65, 66, 79). The fact that (/)
both host cella apd filter discs require the same concentration of NaCl
for adaorption may therefore be due to a'similarfnet charge on both
surfaces. | | Lo - ‘ 1.1

Aside from the theoretical implications, thefinformation

presented in Table 1 may be used in devising a method for aterilization



Table 1: Elutiontpf IKe from filter discs.

.......... ','
[

t - i A

_ Eluants o :fraction ofl;Kg‘71uteq ( Z nflinput)
distilled deionized H 0 f L 51 - .".J ‘
0.01M NaGl e . o S , -0.18 | . .'
Co.omMwaci o : | | '"0'.0062"4 .,
Lbroth | | ' 0.24
: T | .

Legend: 0.1 nl of an IKe (band I (38) ) auspenaion in L broth containing

8.2 x 108 p-f.u. /ml was filtered through Millipore filter discs

and washed with 10 ml.of* each of the‘eluants. Filtrates, were

assayed for n;f.u./ml.
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. of IKe suspensions. o _ - |

. 5. Effect of Températire

a. The optimal‘temperature: The attachment of IKe to its host cell

" is temperature dependent as Bhown in Figure 10 There 1s very little or
—practically ne attachment at 0%¢ followed by a 10-fold iIncrease in the

| - particles /. L |
number ‘of attached ; at 30°C. Adaorption levels pff at this temperature
' and decreases considerably at 45° C.‘ Control experimente have shown no
reduction in "the number of viable celle ar p £.u. due to incubation at
45%. o ~ ‘ | ' ' N

“b. Adsorption‘at‘ooc. Adeorption at. 0 C was assayed on several

occasions both by the supernatant and pellet methods. In addition. pellets
»

-obtained by direct'centrifugetion (eee'eupernatant assay page 15 ) were

also assayed for Infective éemtera. Resmlte gf.:.twqg e_xperimente are shown
in Figure 11. Figures obtaimeenet Hiffefént.ﬁh%fi.'end incubetion perioee ,
-(up'to 2 hours) eid not fery‘considerehlya They suggest thet very littie
erreo adsorption decurred at OOC;_ _ . - |
Thus, when required adeorption of IKe to ite host cells can be
effectively stopped by a repid chilling of adeorptioq mixtures to 0 c.

c. .Preincubation'ef'hoac‘cells at'45 C: The nature of the reduction

4

in the adeorption of IKe shown to occur-at 45 c (aee Figure 8) was examined. (

Host cells were-incubated at 45°C prigr to eddition of IKe, and‘ineubation Of)

s
\\_/

mixtures was at 32°C., Results are shown in Tehle 2. . Supernﬁtante and

pellets were asseyed on separate occasionms.,



Figure IlO .

Effect of temperature on adgorption.

f

\

Legend: 8 chilled aliquots of the host culture (2 x lO8 v.c. /ml) were

'prewarmed to the desired temperature prior to addition of

]

7 x lO4 P-f.u./ml of IKe. Incubation was at the indicated

'temperature for 20; Adsorption mixtures were chilled and

-
centrifugedgand aupernatants were assayed.
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. PERCENT RECOVERY OF INPUT PHAGE .
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Legend:

l)“-\ .

PN

] N - [ v

11." Adsorption at 0°C.

.

. . ot
"'.7 - . - . . , . ",

.

.Celllde.naity was 3 x 108 v.c./ml. Phage éori-;:én'j:ration"wa:;

6 x 1(54 p .£. u.}ﬁl. Ka;pze; withdrawn from adaorption mixture-:‘; -
-at indicated times were centrifuged without prior dilution . Both
| the supernatants -anld the pellets dbfpined by this centrifugation,
vere aséq}?‘é&. Additionally éampleé"‘%rom adsorﬁtitm ,mixtu’reél we;:e,'

‘. simultaneously aasayed by the pellegassay ' I ~

T N

Wy o . a S
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Table 2.
IKe

“

-
(i
. '

"‘,’ .

rl

Effegt of preheating of host cells to 45 C on the adsorption of

~-

Unadsorbed phageé
' (%7 of input)

Infective centetab

" (% of input)

Preincubation of cells at The reduction in
. 32°Q 450C. ! adsorption*
35+ - -5 627 .
15 S g9z . ..

oy
‘.'

* due to preincubption of cells at 45 C..

Legend:

" Incubation of both adaorption mixtires was for 15' at . 32 C;

b Phage cell mixtures were prepared as above (a)

-

a. Host cells (1 X 108 v.c. /ml) were incubated at elither 32 C’>

or 45°C for 25' prior to addition of phage (5 x 104 p-f.u. /ml)n. L

unadsorbed particles were assayed by the supernatant method

-Cell density

was 2 X 108 v C. /9} and phage- noncentration 6 x fb p.£.u./ml. o

Incubation at 32 c was for 12'

jieT

'by the pellet method.

Ry

Infective . centers were assayed
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Both supernatants and . pellets showeaa reduction in the ad-
sorpﬁ%on tollowing preincubation of ‘host cells at 45%¢. .The reduction -
could be due to: (l) densturation of the adsorption-site (2) inactivation
of a post—adsorptian tempersture-sensitive step, necessary for the
formation of .stable phage-cell,complexes (3) both 1 and 2.
- The recovery of a large portion of input phage as unadsorbed
Particles in the.supernatant seems to support the first possibilityf © .
However, the-fect that;g‘h}ghet relative reduction‘in adsorbtion is.‘
registered by the peliet assay (see iable 2) may be interoteteu as evidence

-

supporting the third possibility.’

.Inactivation of the receptors for M3 due to incubation of its

host cells at 45°C was also.reported (79).

6. Effect of pH

©a. The'optimaldnH: . The adsorption of TKe as a function of oH was

examined. Suoernatant and/or pellet assays were\used. ‘The effect ﬁf’;ﬂ
i . \

was studied in either L broth or NCGLT'(see legend to Table. 6) since

optimal adsorption\hgs been observed in these media. Control experiments‘:

were simultsneo?sly set up to measure changes in the plaque forming ability
of the phage per se under the experimentsl conditions i.e. (a) incubation

“at 37 C at the. various pHs used (b) centrifugation following dilution in |

]

the respective media. ‘This was found necessary in view of the observation_‘

o

that phages sggregate at low pH (68) ' ." . 3
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"Results are summarizcﬂ'in'Table:B - They indicate the following

(1) There was epparently no significant difference in the

extent: of edsorption at either Pﬂ5i)or7 3 and the’ phage was stable under

these conditions.

(2) The number of phage particles recovered in the enpernatent
at pH4.2 was considerably 1ower than that recovered at pH5 0 or 7.3. This‘

was not due to inactivation of phage as indicated b\ the results of control

v

[ (llne 1) ' where 100% of input phage;pagticles wer recoyered (Table 3,
Cbi. 2). It could, nowever, be partially &¢e to etfect of.centtifugetion_
at this pH, as indiceted by controi II (line 1) where only'?SZ'of input
phagewere'recove;edn(Taole 3, Col. 3). _ -

“ (3) Incubation of phage particles at pH9.8, 37°C;:ceused a

1oss of 502 in the plaque forming ability of the phage. The loss was

augmented by centrifugation (Table“3 Col. 2, 3). It is therefore'difficuit
to determine whether the loss of 18% of input phage from supernatant of the
adsorption mixture at this pH (Table 3, Col. 4) was due to phage inactivation

_or to adsorption.

’ The meaeureﬁent of infective centers formed at pH9.8 was made

-

impossible by the fact that close to 90% of the cells lost their viability
. 1 . ] . ‘\\_- . C
‘at this pH. S - : . Y ‘\< {

L N
b. Adaq;ption at pHQ 0' That non-specific attachment between phage

T2 a?d its host occurs at 1ow pH has been reported (68). The possibility

that a similar type of - reaction between IKe end its host is responsible

+

-



" Table 3. Effect of pH on the édsorpfion of IKe.
B ) o
Phage stability (p f.u. /ml recovered)
) ‘at 379C; 10'
| Control r Control II = Phage .adgorption
~ pH of before’ centrifugation after centri- free phage in super-
. L broth (% of input) . fugation. ° natant
: . : (X of input) i(Z\of input) -
4.2 /100" , . 75 18
5.0 . 100 . w0 63
7.3 100 . 100 71
9.8 50 NS T 82

‘Legend:

'Cells‘(B x 108 v.c./ml) were harvested by centrifugation and

resuspended in ;hilled L Brotﬁ at the éésired ﬁH Cells wérg
warmed to 32%¢ and phage added (6 X 104 p.f.u./ml). -Inéubétion
was for 10' at 37 C and supernatants were assayed for unadsorbed .
phagg (Col. 4). Col. 2 represents recovery pf phage follpwing
hﬁcubation at the indicated ﬁH.' Col.n3 describes the effect of

centrifugation on recovery of phgge following incubation.
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for the high losses of p f.u. from supernatants at pH 4.2 (see Table 3

~Col. 4) was next examined. Two experiments were set up

Z In the first experiment (Table 4). both supernatants and pellets ;

: from adsorption mixtures at pH4 0 or 7.0 were assayed. By comparing°the

results obtained it cOuld be determined whether or not the n f.u. lost

_from supernatant at" pH4 0 are: specifically atﬂE:hed to hosts, and cause

a corresponding increase in the number of infective centers in the pellet.
The results shown in Table 4 indicate that while the lcss of

lree phage from supernatant at pH4.0 was Zlﬁfold higher than that at

pH7.0, this was not correspondingly reflected in an increased number of

[

"infective centerg: In fact . the recovery of infective centers at pH4 0
waszébz lower than that at pH7.0 (Table ﬂ, Col. 3). Control assays

: indicated no phage inactivation under - the exnerimental conditionsj(legend"

toltdhleaﬁ). These findings suggest that. large ndrtion'of_the particles

lost to the nellet at nHG.O did not cause infection of -the bacterial
: - N

cell ’

‘ In a second ekneriment IKe'nartic es were'incubated at nH4.0,
37°C, with either JE2571 (Rf):or,JE2571/93-7 h Sunernatantsgdf both
_mixtures'were assayed for unadsorbed'nhaée: 7
. The results shown in Iablg 5 indicate that the ind?%ased loss
from supernatant at pHQ 0 was Pot specific to }E 571/98 70 since it was

observed with ‘the R .strain.ss well. . . ‘ -

£y . "t .
- In light of the data obtainefg;n,all three experiments (Tables

~

-—




Table 4. hdsoi‘ption' of IKe at bHé.O' aﬁd 7.0. . ‘ : \

Free phage in

‘ PH’ ‘ E I.' supernatant L , "Iﬁfective cghtgrs
(% of input) o (% of input)
4.0 S . 2.4 e T T e
7.0 ' R 51 ¢ ‘ N 27

s

Legend: Aliquots -of host culture were filtered and filters resuspended

in chilled NCGLT at pH 4.0 or 7.0. Suspensions contained 3 x 108

and 4.5 x 108 v.c./ml.réspecﬁivély.- Phage held in NCGLT was

F.d N

added to each suspension .to a final concentration of 6 x 104 p-f.u./ml

and incubation was at 37°C for 20'. S _ :
/./” ‘ 'V B . " )



~

| '

Table 5. The specificity of .IKe adsorp n at pH4.0.

! ‘
Culture - Free phage in supernatant
"~ (Z of input)
JE2571/98-70 . ' ‘ . 3#'
JE2571 (RY - : 2.1
.‘).'. L T T J

-

Legeﬁd: JE2§71 and JE2571/98-70 wére'g¥own to a concentration 6f
7_3 X 108 Q.c./mlé Aliquota were centrifuged and ﬁgllets suspended
in chilled L broth at ﬁﬂz.ﬂ, To’ the cells (warmed to¢32°c),
6 x 10% p.f.u./ml of IKe weré added. Phagé_cell'mixéurés vere

incub?ted for 15' at 37°C;andbunadsorbed phage éssayed.
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3, 4, 5) two‘possible explanations for the low. yield of p.f.u, in- super-

natants at pH4-00r4 2 can. be considered

1. Phage aggregation resulting in ‘increased sedimentability
of particles p 8e at the.low pH this sedimentability being aided by
cells 1if present in the low pH medium (i:e. cells acting as. Carriers).

2. -A non—specific -attachment of phsge to cells occurs at these
pHs. . : ' B ‘ )

The possibility thet cells merely serve as carriers thus enabling'
the sedimentation of. aggregated phage particles was .eliminated. The .
addition of JE2571/98-70 cells to a tube containing a chilled suspension

of IKe at pBE4.0 just before.centrifugation did not cause a greater number

r

of particles to sediment and the yield of particles in the Supernatant was

not lower than that obtained in the sbsence of oells (7SZ of input Tables

‘IJ

3, Col. 3). . - ; o
That aggregation zfaphsge'is psrtially responsible for the low

lrecovery of‘particles in sup'rnstant is indicated by the results shown

S . . . f b .
in Table 3, Col. 3. Incubation of the phage with host cells at 37 C prior

to centrifugstion,lhowever; significantly decreased the numbér of particles
' ' 1 ,

recoveraed in the Supernatant (Table 3,.Col. 3 and 4).
In view of the findinga described above , ghe interpretation

that a non—specific attachment between:IKe and its host takes plsce atpHA 0-
a

4:23eems justified. It is possible thst this attachment involves receptor

-

sites on the cell sutface that are different than those responsiBle for

7
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‘ofH+ionainthemedium. o S

30.

the Specific attachment, and that are made available because of ﬂae excess

.‘

7. Physiological ‘conditions of host ‘cells and ‘IKe adsorption

a. ‘Effect'of“ﬁedia: 0ptimal adsorption of IKe was shown to depend

on 0.1M NaCl (see Figure 9) However ‘the rate of phage attachment . b

' measured in 0.1M NaCl solutions is much lower than that in L broth containing C

NaCl (See Figure 5 and Figure 12). A synthetic medium is preferahle to a
rich brothjmedium in the stud?'of adsorption, since in the foruer, ooat-

adsorption events could be expected to occur at a relatively.slower rate

thus permitting a mqre precise meaaurement of adaorption per se. An attempt,

' was therefore made to devise a synthetic medium in which the rate of IKe

- adsorption is comparable to that in L broth. For this purpose 0.1M NaCl &\

solutions uere auuoieuented as indicated below and the rate of adsorotion'
in each medium determiuedrl Results'are shown in Table 6.
| The additiou-oflo.lz dextrose as well as that of L threonine
and.L leucine increaaed.the rate_of adsor?tion coueiderably.- In fact the
rate of adsorotion in 071M NaCl‘supoleneuted with both dextrose and
essential amino acids was aimilar to the rate of adsorption in L broth._ L
Aaaaya for p f.u. in adsorption mixturea indicated that neither

C—

phage inactivation nor its prOpagation had occurred injany of the testv

" media during the incubation periods used.

N These findinga indicate that in addition to the optimal salt .

concentration, an erergy sourck and essential amino acids are required o L



Figure 12,

Legend:

Adsorption of IKe in 0.1M NaCl.

Unadsorbed phage and infe‘cti\ie centers were assayed in separate

experiments. Celle grown in L broth were filtered washed and

. resuspended in chilled 0.1M NaCl. Concentration of cells in.

' ‘adsorption mixtures was 2.6 x 108 v.c./ml (supernatant assay)

and 1.2 x 108 v.c./ml (pellet assay). Phage was dilut'ed 100
fold into chilled 0.1M NaCl just before addition to cells. The
final conoent:ration of IKe was 5 x 11'.')4 p. f.u./ml dn eppernatent
assay and 6 x lOS p.f._u./ml in pellet _assay .‘

+

O
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Table 6. Adsorption of IKe in synthetic media. - /fi
- e _ . T N [
Media = - “k (cm3 .min-) /' - Infective centers at 30' ,
‘ v Y . . - o .(z of input') .
L T, f <. X e - . ‘ . PR P
) ) K . - o ' Lo ¢ /\
o.1M NaCl* ‘ 2.8 x 10 11, o 4.1 /,J B
oNC 0 3.9x10 o . 54
‘ : ST v
_NCG 8§ x 10 S - 12.4 s
' ’ - -
NCGLT . 21 %107 . 22
-‘ .l ‘ ‘ ' {
B T 5
. "~ | | v
L broth (see ‘- St :
Cee2l) M maaxa0Tl

. - . _L. (]
-k %ﬂ 6.7
f . .

: Abb reviations .

NC = 0.1M NaCl pH 6 7+o 002M ch12

L4

NCG -

[

0.1 - Npcl pH 6.7+o.oozu CaCla4 0.1 dexi:rose
x ‘
0.1M NaCl pH 6. 7{-0 OOZM CsC12+ L I 4 dextrose{-L léuc%ne and -

’.

NCGLT

e

L threonine (48 }g/ml)

: -
Legend: ‘Eost cells grotm :LngL broth were filterad washed and resuSpended

1
in the 1ndicat:ed mé'ii:l.a. Phage was diluted 1.100 in NC just before §

8
addition to cells. Adsorption mixtures contained 2.1 x 10 v.c./ml -

A

and- 5 x lt'J4 P f:u.\/ml. Incubst:ion was’ at 37 c alnd supematant:s were

¥
[

assayed at’ 15 amkio minutes. . b

-



optimal concentrationa of salt only

2

. .
. . > M . f il -
Lo e \‘ . e o S
. . . . "
"o v - . ' ' . ) -

L

a

b. The Optimal gL owzh phaae. The ability of host cells harvested a

differlnt points along their growth curve (see arrows in Figure 13) to

.

adsorb IKe was examined. Resulta are ahown in Table 7.
t

Maximum adsorption waa observed with cells from the mid-

a

logarithmic phase. For all aubaeqdent adaorption experiments cella in

this, phase of growth were uaed.

C. Effecttoffchenical'agents:

NaCN and NaN3§ The effect of the metabolic'ooiaons NaCN and NaNB'

on the adaorbtion of'IKe was\atudied. This was done in an effort to

’ clarify the extent to which adsorption is dependent on the metabolic

N

activity of, hoat cells. . | . . .

NaN3 at a concentration of 10 2M was Teported to block the
|
-2

. irreversible but not the reversible attachment of phage T1(17).7 10 M

NaCN as well as 0.1M sodium arsenate were shown to cause a rapid loss of

F pild from the surface of F¥or Rfr cells (58, 59, 62).

e R Results of the exnériménts teating the effect of the metabolic

. ' : : . b
Pﬂiﬂons on the attachment of‘IKe ate shown in Table 8 They indicate that

‘blocking of the normal metabolism of host cells by NaCN or NaN3 causes ‘a -

!

. Significant reduction in thedir ability to adsorb_the.phage. This reduction
I ; (R



9': s

]

Table 7._ The effect of the growth phase of hoat cells ‘on.. the adsorption
o 3 . B
Cof KRe. . R T ’
. - "
Growth phase : ’ . ' s C N . e
(see arrous, . unadsorbed phage ; Infective centers
 fig. 13) ) (Z of input) © (% of input)
. o ) r
"~ o i
1+ : 58 - ‘ 13
I [
2 35 20 V. *
3 61 ’ 10

Legend: JE2571/98—70 cells growing at 37°c were hatvested at the optical

Y

I3 I /
.den;}Eies indicated by arrows in fig. 3. Cell‘conceptration
i 1 samples"was adjusted to 2.6 x 108 Ve, /ml ' IKe was added

-

to a final concentration of 7 X 104 p.f.u.lfml aﬁd 1ncubation was .

'?t 37% for 15'

}




‘ , ‘Figure 13. A érowfh cur§eﬁof JE2571/98-70 in f.‘broth.T : //(//
1) ) o ' .

" e

.y

i

LI ' , : ! B . . - .
~:>_ _ Legﬁnq: Arrows and closed cfrcles ihdicate points on“the growth
A - - s

curve “at which samples-we:é taken.(see§é§51e f).
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is observed with 2 x 10 "M NaCN, a concentration which effectively blocks
anaerobic glucose metabolism'but does not cause cell‘death (19) and is

‘ . -2 . _
enhanced in presence of 10 “M NaCRN, a concentration sufficiently high to

cause partial cell death. ,
Chagggggphenicol: Experiments ‘deseribed above had demonstrated '

the dependence of adsorption on the’ presence of essentisl amino acids in
the adsorption'medium (see Table 6). The effect of an inhibitor of,protein
metabolism on sdsorption was therefore of interest

| A concentration of 30 )lg/ml of chloramphemicol was reported

to effectively inhibit protein synthesis in E. coli cells (51). The,|}

’as-effect of preincubation ‘of host cells - (for- 10 min at 37° c) with 300,&g/m1

[}

'chloramphenicol on their gbility to adsorb IKe was examined.

Resu{ts are shown ip Table 8. They snggest that the presence -
" of 300 Ag/ml of Cn.does not inhihit or reduce.adsorption.

These findings sre interesting.in-light of a recent report
' indicating that post penetration events in Ft _tells {nfected with M13 are

-...\

dependent ‘on the presence of essential amino acids in the assay medium.
These could not be prevented_however by the addition of lSOﬁﬂg[ml of Cm

to the medium (77). 5

o

8. The resersibility of “IKe adsorption

Under several experimental conditions only a reversible attachment -

of Phages Tl TZ and T7 to their host cells has been shown to occur. Rever-

sibility of attechment was inferred if the phage could be eluted from phage-

!
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Table 8. Efféct of growth inhibitors and Zn804 on IKe adsorption.
‘ e

-

Inhibitor* : ' Reduction in ad- .

sqrption_ ‘ . Survival of cells
(relative to control) (rélative to control)
mso, 10”3 sy -
A B | | 1007
NaN, 107 174 - . 5oz
NaCN.  2x10°M - .35y © 1007
NaCN, 10" % | T 76x _ . 307
. ,
Cn 300 pg/ml . none ‘ 507

o

Legend: To aliquots of a ho§fjg£;:ure containing 3 x 168 v.c./ml

~

inhibi;oré were added“at the indicated concentrations. After
s . . N . ) . —
5' at room temperature v.c./ml vere assayed and phage at a finel, .

conceﬁ;ration of 7 x‘1042p.f.u./ml added. TIncubation wag at

— 30°C for 20'. .Unadsorbed phageg were assayed by the Bupernatant

method. Y. - o _ SN

p—
\.

hY

.k Inhibi:brs\at:indiéateﬁ concentrationgdid not reduéé the plaque forming

1

ability of the phage.
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_ 3.
cell complexes after euepeneion of the complexes in an appropriate elution
'u“medium. The majority of the reversibly attached particles (70 907). could
usually be recovered :n thia medium.(lﬁ 7 27, 28, 66)

The reversibility of the attachment of IKe to its host was
tested under conditiona reported to permit only reversible binding of
the T phages Resulta .are shown in Table 9. They dennnstrate the absence,
of a'reversible.adaorption under'those conditiona. Chilled distilled H20

was chosen as the eluant aince neither adeorption nor inactivation of IKe

were found to occur in.it under the eonditiona of the experiment.

C. THE RECEPTOR SITE

1. EBffect of Zn** op Jdeo'rption . \1,] S
N Vel ‘
R Zn- éationa have been reported to inhibit a sorption of several

f1lamentous bacteriophages (64 79). They pave also been reported to

. lnhibit he irrevereible etep in the edaorption of phage T1 (28) 1t was

suggeated| that Zn+*blocke adsorption of the filamentoua phages by inter- o

) o
¥ acting with fheir receptore 1ocated on the tips of . the F pili. ///P>\<

The effect_of Zn " on adsorption of IKe was studied‘in'an%'

attempt to e theJaimilaritiea between the receptor sites for IKe

'~ and those for*piluesaeeific filamentoue phagea.
\

The resulte\are presented in Table 8. . They indicate that

.ZnS04 at e,eoncentretion \f 10 H did not\qgmpletely inhibit adaorption

—— f—

of IKe but reduced it by approximately 70%. Adsorptiou of the\iilamentous -

b%ctﬁzi:iifse £1 was.reported to decrease by aozfin the presence‘of zntt ° S

m
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at the aamfﬂconce:7raﬁion (64).
2. Blend}ngfoffh st cells and "their ability to adsorb IKe
/ +
{/ Heehanical agitation of piliated celle has been’ reported to

result, under certain conditions, in- the specific removal of their pili

and in a coordinate reduction in their ability to (a) adsorb{pilus—specific

phagee and (b) function as donors (57 61).

Electron microaeope observation;bn JE2571/98-70'£§i1ed to
. .: l ‘ . 1 -’l: “\ .
reveal pilus-like structures on the cell surface (14) These findinga .

implied that a atructure other than a pilus might be involved in the

'attachment of phage IKe. The effect of agitation of JE2571/98 70 cells

.on their ability to bind IKe was therefore of-intereat.‘

Results of ‘several experiments are shown ind?ablea 10 and 11
#

Table' 10 describes the-reaulta of pellet asaaye in which radiOactively

4

lébelled phage was used at relatively high m.o. 1. Table .12 describes the

results of fupernatant aseaya in which non-labelled phage was used. This

coneﬁquentl# permitted the uae of low m.o. i | . ' ' //

1ells were treated w1th formalin pr1or to addltlon of the

o
phage in order to ) event penetration of adsorbed phages and ﬂeappearance

I ]

. of any appendages remoyed by blending (34, 57)

'

The reauIts ehown in Tables 10 and 1 indicate that blending

effectively reduced the ability of the F ‘cells to bind M3, Blending

L]

'however was ineffectigé in decreaaing attachment of IKe and even cauaed >'

: \
an increasg of 2-3 fo d;inithe attachment. S




Table 10. The effect of blending on the ability of formalin killed FQZ

. OF. RM98 cells to adsorb M13 or IKe - high m.o.1. experiments
. .‘.‘.i. SERCIRREREES .
y : Trea ‘ : *
. , o . - Treatment phage recovered
Exp.f# strain | ° phage . ~ m.o.i. of ‘cells: - .in peliets

(% of input)

unblended 2.9

1. JE2571/F42 M3 - 25 - T
' : " blended 1.9
- . , .unblended 1.7 .
2. JE2571/F42 - M13 25 3 ' "
o blended ‘ - 1.3¢
Vo , . unblended - 1.1
3. JE2571/98-70 -~ IKe 17, R T
: ' : : : blended - 4.0
. ; . .
‘ - ' - - unblended 1.3
.- k. JE2571/98—70' IKe 10 ‘ -
\\\\ _ . : S blended 4.0

\\éendl_lJE2511/98 70 and JE2571/F42 were chilled and treated with 3.7%
(final concenttation) formalin No, viable cella could be recovered

5 mina after addition o 1iff. Cultures were blended as’

described'iﬁ‘Materiale and Methods (p.17 )- ‘Blended and unblended‘

‘ eells were infeeted with the indicated 3H—thymidine 1abe11ed phage

e

Incubation of adaorption mixtures was for 15 min. at 37 C. Phage—!

' ; cell xturea were eampled to get total cpm/ml adaorption mixture.,
Complexes‘were prepared by the pellet method aqd the radioactivity_
aasociated with pellets (adaorbed phage) eounted over Aquaaol uaing '
a Beckman Liqudid Scintillation eysteme- |

o
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Table 11. The effect of blending on the ability of formalin killed Fe2 ”
and RMSB cells to adsorb Ml3 or TIKe ~.low m.o.1i. experiments.
G i PO R R
S ; a . Treatment Free phage
Exp. # strain - . -phage ' m.o.1, of cells recovered in
» ' : i3 ) _ o gupernatant
.......... T T . ‘ ‘. (X of input
- | . o7 OF tnpog)
. Hﬁhblended & 77
1.,  JE2571/F42 . M13.  0.0007 -
’ ’ Feoe | blended 99
| | | _ - [unblendeda = . 83
2. JE2571/98-70 CIKe ¢ 0.00015
- o A X h :
peak  blended 68
- unblended 95
3. JE2571/98-70 . = IKe . 0.00012
- L ~peak B | blended - 62

Légend:

Formalin"killed,cultﬁrgg‘géee legend to table 10) were washed

ffee of formalin on sterile Mﬁllipd;e filters and resuspended

 in L broth. 'Blended and unblended aliquots of .the cultures (p.7)

‘mixtures'waa.for‘;Sirat 37%. Unadsorbed’ phageé was assayed by -
- . . - [ - ‘5,“',...

ﬁére infected with phage‘aa indicated. 1hcubatibn of édaorption.

o ! -
B

L N o
T

the supernatant method.. : . B

e

SN

v
[ SO
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Theae‘findings support the electron microscope observation

and suggeat that a pilua like receptor is not involved in the attachment
of IKe. The significance of the increase in adsorption of IKe after

blending is not yet understood It is of interest however to note that

a -

blending was also reported to cause an increase in the attachment of phagep

" g

 T6 to.its host cells (61) Bacteriophage T6 has been reported to adsorb

_‘\

to the proteinic fraction of the cell wall (45)

D. {PENETRATION .

In the infection of host cells, the attachment of'IKe is followed .

@

‘by a step which renders the infecting particles insensitive to\\he.proteinaae

Nagarase. This step takea place at a temperature optimal for the infection
(3790) but not at 0°¢C. * This was demonstrated when phage-cell complexes
formed at either 4 C or 37 C were assayed for infective centers before "and

after exposure to- 10mg/ml NagaraSe at 37 C. Complexes formed at H° C but
’

not ‘at 4°C yielded infective centers after treatment withlthe enzyme .
| Tzag&loff and Pratt (79) have interpreted the insensitivity of

) attached M13 particles to Nagarase as evidence for the penetration of the
'|

"Infective principle ~ the DNA" of the phage into the host.cells.

. oW

Although the atudy of adsorption was the main purpose of the \‘\

current work it was of interest to examine the: relationahip between ad-

sorption and penetration.l

‘ - . °
Complexes of IKe and host-cellé were aIlowed to form at}37 C.

These were separated from unadBObed phage (see pellet assay) and assayed .

4

‘ o, ' _' . a y



) | / 36. >
for the number of infective centers (comprising attached and penetrated
Vphage). The complexes were ' then incubated With Nagarase to inactivate

. unpenetrated phage, centrifuged again and assayed for infective centers
(penetrated phage) Complexes formed at’ 0°¢c served as controls _and did . -
not- yield any 1l.c. after treatment with Nagarase.

Resulta ‘are shown in Figure 14, |

They suggest the following‘

(L) There is'a rapid increase in the number of adsorbed

.

{

particles in the first 4 minutes of incubation at 37°C. The rate of sd—\

aorption decreeses howeverJafter that time and.'emains constant up to 20’
,Jincubation (E.M. cbservetiOns congirmed these{t -dings,GG))...l

T~ .(2) The.rate of nenetration.is b%gh durin;‘the first 1q

" minutes of incnbation. It then decreases andirenains constant up to 26
incubation.' f: . | : '“_ “1"' - *. o f |
PR . (3)" The ratio of penetrated adsorbed phage is about 1: 7 in
-the first 7 minutes of incubation._ This ratio ‘then decreases to 1: 10 and

remains;cOnatant.thereeften-(zof incubation}.

4 .
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Y Figure 14.' Adsorption and penetration, of IKe.

Legend, Purified phage—egii complexee (pellet method) were assayed
\for i.c./mt and 'v.c./ml. 10 mg/ml of Nagaraee.were added and

T\

incubation at 37°C for 15' followed. Negarase was removed by.
{-

centrifugation and the complexes aseayed -again for v.c. /ml and

N, o Ao, /ml A{due to penetrated phage) Adsorption nﬂxtures
| contained 4 x 109 v.c. /ml and 7 x '10% | P f u./ml. . The assays
- ' for 6.c /ml indicated no change in the number of cells due to

,...-.__,J:_“ . o N . . . £l
assay procedures

al

. L
e et e ed
[
\
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'. : Pel‘cenf adsorbed /input phage
- !'""" Percent penetrcted/lnput phcge

T TTT

' PERCENT RECOVERY OF INPUT PHAGE

°o—o. Percent penetrated/adsdrbed

01 het ] n .-"15"-}-- Ll 0 i
1 3.5 7 9.1 13 15 17 9 21

/_' -'M.I,NUTES INCUBATION (37°) e
? 7..;’- o L ,-.&d - E‘ | B ‘%_/.}‘.'-<
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OCHAPTER 4

smmanr AND concwsxohs

nt of nhage IKe = optimal cOnditiona and|the nature of the ol

The &ttac
: I N . ] * Iy . . E . ! 1
binding. ~;,( d S "d : T o

, : .
lt ia generally believed that attachment of bacteriophages to

- their hoat cells is the reault of the establishment of electrostatic bonds ‘
betwaen ionized groupa located on the surface of both particles (78 79).

It was demonatrated‘that every phage—hoat cell ayatem requirea a specific

3

' conoentration of univalent and/or divalent cations in the media for opti al.

3
adsorption ‘to occur (See Table 12) The role of the cationa is believed

t

to be in neutralizing repulsing negative electrostatic chargea on’; cell and

' o ! !

phage aurfaces thus epabling avaiiable attracting charges "to cause binding

)etwaen the par;iclea. The apecific fonic requirementBVé/’ibited by every:’|

phagewhoat ceIl aydiem are therefore determined by the . apecific electroatatic ‘

chargea on the‘reapectiVe particles (65 66, 79) e

. Several linea ‘of evidence Suggeat that adsorption of IKe is alao
mediated by the formation of electroatatic bonds between the phage and ita

hoat cell.. - S \_ R S '
o i ? . - a :
'ﬁ'll Optimal IKa attachment occura\only in media containing 0 lM NaCl
'?‘\ e e .
|1
. IKe attachment ia dependent on pH (tables- 3 and 4? 2o It A8 optimal

...f-n...____ RS o

and doea not vary conaiderably at pH valuea ranging from 5-8 In the . _‘ 'f'

4

"

@s reduced cdnaiderably and a non-apeqific, non—fnfectious type of attnchment,

dccura inatead.; This may be due to/;he blocking of the apecific receptor L

u . - . .
‘ f ‘“ . ’ T f . . -' o b I B . ' .. v



sites by the H+ catlons. and at the same time thé establishment of another

\set of non—specific attachmeﬁt si

4 . . .
cell. : - s t
/; i

3. IKe particles/were fOund to adsorb to- non—biological surfaces ‘

- (membrane filtet- disca) of net negative charge under the same conditions'

e

of ionicnconcentration required
fThese data can actually be conclu
.vided to ascertain that the same
attachment of IKe tg both host ce

attachment to inorganic Burfacea

i

tes on the surfaces of the phage and host

e .
s
- e

.

N

for phage attachment to host cells
sive only if additional evidence is pro-
.lonic groups are indeed involved in the

11 and the non-biological entity However;

found to occur. with the T phages was

l

-iﬁ%bnaively atudied and results indicated that attachment of those phagea

to the negatively charged inorgan

ionized groups which bind the phage of its host cell (66 67) "ﬁ_ 'J,

ic surfaces very likely involved the same

Thus, attﬂéhmfnt of IKe appears aimilar to that of other

_.bacteriophages in [its eleetroatat

ic nature Additional findings seem to. ‘-ﬂ

suggest howaver that in the binding of IKe (in contrast to that of - other

DNA bacteriophagea) other factors
o X

v

are involved as weld

]

‘1- While high levels of adsorption of T1, 4&174 or H13 could be obtatned

: in srarvation media ao long as th

e ionic environment specifically required

,-by the phage and ita hos was provided kZG 66 78, 79) optimal 1evels of

IKe attachment could be btained only if the mineral salts medium was

supplemented’with a carb n source
‘Qh

\

and amino. acids gaee Table 6).

k.

/.

' .2. Attachment of IKe was fOund to be more temperature sensitive than\\

\ [

i

'u,‘
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: attachmiént of ML3 oruthe reversible binding of!'.[‘l. ‘While binding of the

latter was obtained at 0 -2 C and increased only approximately 2~fold when
I

5emperature was raised to 30-C attachment ‘of IKe was negligible at-0°c

‘and inoreaaed '10-fold when incubation temperature ;fj/;ﬂiSEd to 30%. A

similar temperhture effect-was‘aleo reported for.-pha ¢n17g (26 27, 28,

79)"- ‘ ;" ‘ . ‘.< [ . - '; ‘ /’/_ : o P - v!.l )

-

- 3. 0ptimal attachment of phage IRe could be obtained only with host

cells in the mid—exponential growth phase ‘ d_
4. Adsorption of IKe was. markedly reduced in the presence of energy

poieone (NaCN and NaN3) in the media. Attachment of M12 and .the reversible ‘
binding of Tl could take place in the presence of thosc inhibitors (17 59)

' These findinge seem to point out that attachment,of IKe 18 more
dependent on the energy metabolism of host cell than the binding of other
DNA bacteriophégee Since the penetration of respective host celis by—most

; bacteriopbagee ( or: their infective principle - the DNA) has been shown t0',
be an energy—requiring step (20 48 55}Hit ie possible that the steps of
. i-att;::ment and penetration iﬂ the ,infection of host cells with IKe are -
more closely coupled than those «in. the infection of respective host cells
by other baoteriophages This close. relationship was, also demonstrated
for the irreversible attachment and the penetration of phage Tl (30)

Since a metabolically active cell 1s .4 prereqnisite Eor optimal
adsorption of IKe, it seems pdssible that a study of the attechment of IKe

2

to isolated-receptor-fragments will encounter diffisulties which did not
[ . ‘_r E . ) ﬂ



" arise in similar studies with other bacteriophages (3, 15, 26, 54, 80, B2).

The reversibility of the attachment

‘o It has been shown that the attachment of the T phages to thefr
host cells occurs in .two steps (1) a reversible binding which under
- appropriate conditions is rapidly followed by the establishment of. (2) an

' irreveraible bond (16 78). These two consecutive events can be ‘easily

separated and distinguished if, attachment takes place under. conditions )

. which are suitable for the reversible but not the irreversible type of

- L]

attachment. Reversible attajhment has also been demonstrated with 4&&]4

™

Unlike the T phages however, this attachment did not cccur as a step

preceeding an irreveraible bindingi ut rather as .an alternative event

'taking place under conditions which do not permit the irreversible attachment
<

(26). - |
L A'rewersible binding;of the type that erists between the T.

L dphages and their host cells cduld not be demonstrated for IKe under several
. conditions-examined The possibility h0wever that a weak state of binding

i between IKe\and its host -does exist and that it cannot be detected by the‘
elution methﬁﬁz ueed in the case of complenes of T phages a\jttheir hosts,-_

*cannot be rejected without additional experiments.‘ In‘fact, the dis-
v
- crepancies observed under certain conditions between results obtained by

s K
' 21-22) o
the supernatant assay ‘and those derived from the pellet assay (see p. & )

S

rather suggest that IKe particles do ‘not always bind in a manner leading -

“to plaque~formation. \aiternate methods may be reQUited for detection. of



40,
‘arise in mimilar studies with other bacteriophages (3, 15, 26, 54, 80,-82).

The: reversibility ‘of thé attachment

s - :
It has been shown that the attachment of__he;?—pﬁﬂﬁéﬁ to their
'{”host cells’ occurs in two steps. ‘ a reversible binding which under ‘fpgggg’
v l

appropriate conditions ia rapidly followed by the establishment of (2) an ’

"irreversible bond C16 78) ThesJ two consecutive events ‘can be easily

I . -’
separated and distinguished if atiachment takes place under conditions

F

which are’ suitable for the reversible but not the irreVersible type of
attachment. Reversible attachment has also been demonstrated with ﬂl?l«
v :

. i ‘
. Unlike the T phages however, this attachment did net occur as a step

preceeding an irreversible binding but rather as an alternative event

. taking place under conditio 8 which do not permit the irreversible attachment é
’ i . / :

@. - .

,’ .

b i-" A reversible qinding of the type that exists between the T

.Y

-phages and "their host' c 119 could not be demonstrated for IKe under sevenal

conditions eXAmined. e possibility however ‘that a weak state of binding

.
o >
by

between IKe and its\h st does exist a:Zpthat it cannot be detected by the
elution methods used rin the case of complexes of T phages and their hosts,

-cannot be rejected ithout additional experiments. In fact, the dis-

|

| b
,crepancies-observe ‘under certain cohditions between results obtained ly -
-the supetnatadt say and those derived from the pellet assay (see p. -222
‘ \ . - .
. rather suggest that IXe particles do not always bind in a manner leading

to plaque formatﬁon. Alternatq methods may be requited for detection of

- - * '
i - - '
. . .
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| C. The Receptor Site ) !“'
h The results of the blending experiments reported above (see
tables 10 11) as well as electron microscope observations reported else—
;,where (14) suggeat.that unlike the-filamentous phages specific for F- or;
I 1ike pleamid—bearing cells, ‘IKe, the N plasmid apecific phage does not Ty,
" attach to a microscopically visible pilus SeVeral lines of. evidence
obtained in the course of this study seem to indicate however that in some -
f";ufﬁéwEBpects, the attachment of IKe to the RM98 bearing cell and the attachment
of other filamentous bacteriophages to their reapective hosts are similar. q
) 1 “Zn+*cationa have been shown to reduce_attachment of the Ff phages_
‘to their hostacells (64 79) A Bimiiar effect was_alsoAdemonStratedJin
' the case of IKe and its host cell (see table 8. o i" SR

It was postulated that Zn**cationa prevent attachment Of the

filamentous bacteriophages by interacting with the receptor molecule and

blocking.attachment.sitea It seems likely therefore that binding of the - }'
pilus—specific fileﬁentous bacteriophage and that oﬁ\IKe to their respective‘-

l : =T _\\ ".
hosts involve eigilar ionic groupﬁ ' ,'_' «l «'“"‘}“_3 :

2. Tzagnloff et als ; reported that exposure of ¥ celis to 45°C greatly_c;_;W;
'reducea their ability to bind the plaemid-specific bacteriophage M13- (79) f'
A Similar temperature effect was also dennnstrated for the - RHSB bearing
host and IRe (see table 2) Thia suggests that a heat-sensitive molecule
(probably a Pr0t21n) Aa easential for the attachment of both ML3 and IKe. RS

»

' . . ' } c. . . L . .
L " .. . . . . . PR, -
i ot . -, R : . . }
. PN ) . . . . 3 a . . - .
. . ) B S - . . ‘ .
: ’ " : . ’ L. .
. . . N
. oo . L . - o o
. ) ' : PR .
+ A . - . . B . . .
. . : - - . . . . L .
' - . : . . ; . _
. T . [ .ot L - X ‘! N
. BN . . . . 1 . - - . 1. , :
B . . . . o ' L. - X . t, .
: * . . . - . - .. . .



2y

. o . ' o Q
: chemically be similar to the pilus-aaaociated receptor. Consequently, the

. .t R e | 42# -
3. Attachment of both M13 and IKe was Bhown to be Optima% at a NaCl S

cbncéntration of 0 1M while unaffected by the absence of divalent cations
medium - : o e

from the - ~ (Figurea 7 8 and ref 79) KR : j S .

4. A reVerBible binding could not be- demonstrated for either ML3 or

ﬁe (see Table 9 and ref 79) ‘ o ’ :

. . ! 4 ~
i ! ‘ . .

7 These findings suggest that although it 1s not part of a micro~ .

scopically visible piiua,'the’receptor'site for IKe may structurally and/or

3
Pl

_ electrostatic bonda involved in the attachment of pilua—specific bacterio-

phages and of IKe may also be similar.,

o

No- direct evidence was obtained in this study regarding the :

- number of IKe receptor aites available on the surface of a RM98 beari ng s

fceil. It is generally believed however that the relative capacity of a
xd .

specific hoat cell for phage adaorption is reflected in the rate of
attachment which can ‘be expressed by means of a_salculated rate constant
-(45) Judging from the rate constant calculated.for the attachment of IKe .

to E. coli JE2571/98 -70, it aeems that the pumber of IKe particles that p
¢ v 3
can attach per hoat cell under optimal conditiona is apprOximately 20. fold

i ~ - -

‘lower ‘than the correSponding nnmber reported for the T phages(66) The optimal
) H :

capacity of the RMBB bearing cell to adgprb IKe appears gxeater however
"than that demonstrated for F cells and M13 (79) (Thixmizht be Parti&uy

due to the relative eaae with which F pili detach from the c 11 surface)

'

! \‘- -



Theae findings as well as thef observationa"reported in thds

I

' study will be fully underatood only i and when additional information¥ ,

D

concerning the receptor ‘for phage IKe is available. It seems clear,

“howevef, from the data presented that IKe attachment does not foilow the
v

pattern of one particular clags of DNA bacteriophagee but ‘rather overlapa

with the characteristic properties associated with the attachment of each 'éﬁﬁ--

Ly
of theae classes (see Table 12) o ‘-'_‘. : - - 3\ ‘
: R : S = o
: Recently the isqlation of Pseudomonas aeruginoaa bacteriophageq P

' \ [
(POZ .and PO&4) with the structural featureﬂ characteristic of the T odd _

—_—

bacteriophagea (hexagoual head with a flexible long non-contractile tail)

was reported.' Theae phages were shown to infect via a pilua protruding

from their host . celI“surfaoe (8) ’ - iil _ e

-

rIt therefore eeema justifiable to conclude that structural

. similaritigs between bacteriophages do not necessarily imply similar

Patterns oé infection " The mode of attachment which is apparently dependent

4
. //////on the mofphology'of the phage is obviOualy determined by"other hoat-cell‘

— associated factorh as well.
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‘ . APPENDIX ,
- : ' . o ’ \\
_ - (List of abbreviations\and glossarﬁ? a
Ap - Am?icillin e g
Cnm - Chloramphenicol ' .
fla - Flagella L )
hrs - hours S C 7 ' | .d." ~°
. 1.c. = Infective centers , . 5
. A . .- . ) . ! . '
minfs? - minutes '
m.o. i.*- Multiplicity of infection .

NCGLT — 0. 1M NaCl pr 6.7 +0. OOZM CaC12+ 0. 1z dextrose +L leucine and
i o p threonine (Qéng/ml) |

_ 5.D. - Optical denéity-

p.f.u.\— P%Fque f0fming units r\\‘f .
pit - Pilus S ' _ _ : 2!
RTF - Resistance transfer factor
Te - Tetracycline

v.c. — Viable célls.

,

. The symbols used for designation of the genetic mafkers’ﬁﬁ::):

bacteriél straiﬁé are in accordance with the\;;;EPclature recommendations

.
»

by Demerec et al (21).

The ‘terms attachment, adsbrption and binding wvere used interw

-

changably, throughout for the step in bacteriophage infection which unites

-

| baﬁ:érial cell and bacteriophage and renaers the latter Sendimentable at

a low speed centriéﬁgation. . L o ' ' -t
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